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(54) Personal computer cooling device and process for manufacturing container of heat pipe for 
the device 



(57) Adevice for cooling a personal computer includ- 
ing: a body having a heat generating electronic element 
therein; and a keyboard section connected in an opena- 
ble manner to the personal computer body through a 
hinge. A first heat pipe, which has its one end portion 
connected to the electronic element in a heat transferring 
manner, and a second heat pipe, which has its one end 
portion arranged along an electromagnetic insulating 
plate mounted in the keyboard section, are connected 
through the hinge in a manner to rotate relative to each 
other and in a heat transferring manner. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a personal compu- 
ter cooling device for cooling an electronic element such 
as a processing unit of a personal computer by means 
of a heat pipe for transmitting the heat as the latent heat 
of a working fluid, and a process for manufacturing a con- 
tainer for the heat pipe. 

Rel ied Art 

In recent years, a variety of personal computers 
have been desired to have their sizes and weights 
reduced. These reductions have seriously limited such 
a space in the personal computer as to be occupied by 
the cooling device. On the other hand, the output of the 
processing unit is augmented year by year as the number 
of functions is increased and as the processing speed is 
improved, in the prior art, heat pipes having an excellent 
heat transmission capacity have been noted as the cool- 
ing device. Of these, a plate heat pipe having a flattened 
container is widely adopted because it satisfies the con- 
ditions for the contact with the processing unit and the 
saving of space. 

One example of the personal computer cooling 
device of the prior art is shown in Figs. 33 and 34. In Fig.- 
33, a personal computer body 1 is a relatively thin, rec- 
tangular box made of a plastic panel or a metal panel 
and given a size of about A5 to A4 according to the JIS 
(i.e.. Japanese Industrial Standard). The personal com- 
puter body 1 is equipped on its upper face with a key- 
board section 2 and a display section 3. These keyboard 
section 2 and the display section 3 are individually 
hinged, as indicated at 2a and 3a, to the personal com- 
puter body 1 . In other words, the keyboard section 2 and 
the display section 3 can be turned up from and down to 
the personal computer body 1 . Moreover, these key- 
board and display sections 2 and 3 are individually 
equipped with electromagnetic insulating plates 4 having 
equal sizes. These electromagnetic insulating plates 4 
are made of an aluminum sheet 

In the front half (as located at the side of the key- 
board section 2 in Fig. 33) of the space in the personal 
computer body 1 . there are mounted a detachable hard 
disk drive 5, a floppy disk drive, a battery, an add-in mem- 
ory (although all of them are not shown) and so on. In 
the bottom of the other half space of the personal com- 
puter body 1 , on the other hand, there is arranged a heat 
pipe 6. Over this heat pipe 6, there is laid through a heat 
transmission promoting compound a central processing 
unit (as will be shortly referred to as the "CPU") 7, which 
in turn are overlaid by a plurality of printed circuits 8. 

The aforementioned heat pipe 6 is a plate heat pipe 
having a flattened hollow container which is equipped on ~ 
its portion with a plurality of rectangular fins 9 for retain- 



ing the heat radiating area. Moreover, the container of 
this heat pipe 6 is formed in its wall face with a plurality 
of (not-shown) grooves which extend in the longitudinal 
direction to act as wicks. 
5 In the cooling device thus constructed, the working 

fluid in the heat pipe 6 is evaporated by the heat which 
is generated from the CPU 7 as the personal computer 
is used, and the vapor flows to such a portion of the con- 
tainer at the side of the fins 9 as has a lower temperature. 
10 The vapor of the working fluid is condensed because its 
heat is taken by the atmosphere. Specifically, the heat of 
the CPU 7 is delivered by the working fluid of the heat 
pipe 6 until it is radiated from the fins 9. As a result, the 
temperature of the CPU 7 is suppressed within an allow- 
is able range. Incidentally, the working fluid thus con- 
densed into liquid phase is sucked by the capillary 
pressure of the wick into the container inner wall at the 
evaporation side, where it is evaporated again. 

Since the space in the personal computer provided 
20 for the heat pipe is seriously restricted, as described 
above, the heat pipe to be used has to be small in section. 
On the other hand, the heat radiating portion and the 
heat radiating portion are spaced at a distance so that 
the heat pipe has a considerable length, as compared 
with its sectional area (i.e., its effective area for the pas- 
sage). 

In view of this, according to the prior art, groove 
wicks are formed to establish a desired capillary pres- 
sure (or pumping action) while retaining the vapor pas- 
sage. However, the capillary pressure to be established 
by the groove wicks is not high, but the reflux distance of 
the working fluid used in the personal computer cooling 
heat pipe is relatively long. Thus, the heat pipe 6 of the 
prior art may fail to achieve a necessary and sufficient 
cooling capacity. In case, more specifically, the heat flux 
is increased with the high power of the CPU 7, the pump- 
ing action for the working fluid in liquid phase may 
become insufficient to dry out and make the evaporation 
portion short of the working fluid. 

Because of a small sectional area, as described 
above, the working liquid being returned is splashed out 
as the flow rate of the working fluid vapor rises. This 
splash may also make the evaporation portion short of 
the reflux of the working liquid. After all, the heat transfer 
characteristics may become too low to cool the CPU 7 
sufficiently. 

Moreover, the cooling capacity of the CPU 7 through 
the heat pipe 6 is restricted by the substantial area of 
heat radiation of the heat pipe 6. Since the cooling device 
of the prior art is constructed to retain the area of the 
heat radiating portion of the heat pipe 6 by the fins 9, the 
heat radiation area required of the heat pipe 6 increases 
with the rise of the output of the CPU 7 so that the size 
of the fins 9 has to be enlarged. Since, moreover, these 
fins 9 are disposed in the personal computer body 1 , the 
space for the cooling device to occupy in the i nside space 
of the personal computer body 1 is necessarily enlarged. 
This invites a disadvantage that the size of the personal 
computer body 1 is accordingly enlarged. 
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For manufacturing the aforementioned flattened 
heat pipe 6, on the other hand, not only a mass produc- 
tion is desired at a reasonable cost and at a high rate, 
but also a predetermined sectional shape (for the vapor 
passage) has to be retained. These requirements have 
not be satisfied by the process of the prior art. 

Incidentally, the means known per se for grading up 
the functions of the personal computer is exemplified by 
replacing the display section 3. At this time, the display 
section 3 and the personal computer body 1 are naturally 
separated from each other. In the case of the aforemen- 
tioned cooling device, the display section 3 is detached 
from the personal computer body 1 by disassembling the 
hinge 3a by means of a suitable tool. Thus, the cooling 
device thus far described is obliged to perform the trou- 
blesome works when the display section 3 and the per- 
sonal computer body 1 are removed and is troubled by 
a problem of the inferior detachability. 

SUMMARY OF THE INVENTION 

A main object of the present invention is to provide 
a personal computer cooling device which is excellent in 
the cooling capacity for an electronic element and com- 
pact in the entire structure. 

Another object of the present invention is to provide 
a personal computer cooling device which is excellent in 
the detachability between the display section and the 
personal computer body and in the cooling capacity for 
the electronic element. 

Still another object of the present invention is to pro- 
vide a heatpipe for a personal computer cooling device, 
whictycan cool the electronic element efficiently. 

A further object of the present invention is to provide 
a process for manufacturing a container for the heat pipe 
at a reasonable cost and at a high rate. 

In order to achieve the above-specified objects, 
according to the present invention, a metal plate such as 
a noise insulating plate is arranged on the display section 
or keyboard section which is openably hinged to the per- 
sonal computer body, and a processing unit is disposed 
as the electronic element in the personal computer body. 
Moreover, the processing unit is arranged in a heat trans- 
ferring manner with one end portion of a first heat pipe, 
the other end portion of which is arranged coaxially with 
the center axis of the hinge, and the metal plate is 
arranged in a heat transferring manner with one end por- 
tion of a second heat pipe. The other end portion of this 
second heat pipe is arranged coaxially with the center 
axis of the hinge and connected to the first heat pipe in 
a heat transferring manner. 

In this cooling device, the heat from the processing 
unit is transmitted to the one end portion of the first heat 
pipe so that the working fluid in that end portion is evap- 
orated. This vapor of the working fluid flows to the other 
end portion, in which both the temperature and the inter- 
nal pressure are low, so that it is. condensed because its 
heat is taken by the one end portion of the second heat 
pipe. The working fluid thus having transferred its heat 



and liquefied is returned to the end portion at the side of 
the processing unit. In this meanwhile, the working fluid 
in the second heat pipe is evaporated by the heat which 
is transmitted from the first heat pipe. The resultant vapor 
5 flows to the end portion arranged at the side of the metal 
plate, so that it is condensed because its heat is taken 
by the end portion. In short, the heat, as generated from 
the processing unit, is transferred through the first heat 
pipe from the second heat pipe to the metal plate until it 
10 is radiated to the outside. 

Thus, the metal plate acts as the heat radiating face 
of the second heat pipe. However, this metal plate is 
already present to require no additional space so that the 
entire structure can be made compact. 
is In this device, moreover, the first heat pipe and the 
second heat pipe have their individual one-end portions 
arranged coaxially with the center axis of the hinge so 
that the openable section such as the keyboard section 
or the display section can be turned (or opened/closed) 
20 without any trouble even if the second heat pipe is 
arranged on the metal plate. 

In the cooling device of the present invention, fur- 
thermore, a metal block, which is detachably attached to 
at least either of the personal computer body and the dis- 
25 play section and to which is connected the processing 
unit in a heat transferring manner, maybe arranged with 
the one end portion of the heat pipe in a manner to turn 
on the turning center axis of the display section and in a 
heat transferring manner. Moreover, the other end por- 
30 tion of the heat pipe may be attached to that member of 
the display section, which is exposed to the outer face. 

In this device, too, the display section can be opened 
from and closed to the personal computer body by the 
hinge. Especially in this device, the metal block can be 
35 detachably attached to at least either the personal com- 
puter body or the display section so that the personal 
computer body and the display section can be easily sep- 
arated. If, in this case, the metal block is made detacha- 
ble with respect to the personal computer body, this 
40 detachability is not deteriorated because the heat pipe 
of the display section is left on the metal block. 

As the personal computer body is used, on the other 
hand, the heat if generated from the processing unit, is 
transmitted through the metal block to the one end por- 
45 tion of the heat pipe. As a result, the end portion of the 
heat pipe, as arranged at the side of the metal block, 
takes a higher temperature than that of the end portion 
arranged at the side of the display section so that the 
heat pipe action for the heat source of the processing 
so unit is started. 

Specifically, the vapor of the working fluid flows in 
the container of the heat pipe from the end portion at the 
side of the metal block to the end portion at the side of 
the display section, in which it is condensed because its 
55 heat is taken. Thus, the end portion of the heat pipe for 
providing the condensation portion is united with that 
member of the display section, which is exposed to the 
outside, so that the heat radiated from the heat pipe is 
efficiently radiated to the atmosphere surrounding the 
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display section. As a result, the processing unit is effi- 
ciently cooled. 

The heat pipe to be used in the present invention is 
a personal computer cooling f lattened heat pipe which is 
arranged in the personal computer in a heat transferring s 
manner between the electronic element or the heat gen- 
erating portion and the heat radiating portion. In the con- 
tainer made of a closed flat metal pipe, there are 
longitudinally arranged wicks which are made of a 
number of extremely thin wires. Moreover, these wicks 10 
are fixed on the inner wall of the container by a fixing 
member. This fixing member is exemplified by a spiral 
member, which is spirally wound at an interval between 
the adjoining bands, a flattened cylindrical mesh mem- 
ber or a number of wires. is 

When the heat is transmitted from the electronic ele- 
ment to one end portion of the container of this plate heat 
pipe, the working fluid having wetted the inner wall of the 
container and the wicks is heated and evaporated. This 
vapor of the working fluid flows into the hollow portion in 20 
the fixing member and further to the other end portion of 
the container, as at a lower internal pressure, that is, to 
the end portion arranged at the side of the heat radiating 
portion. As a result, the vapor passage is provided in the 
fixing member. Moreover, the working fluid vapor leaks 25 
from the gap at the end portion of the fixing member to 
the inner wall of the container, so that it is condensed as 
its heat is taken by the inner wall. 

The working fluid thus having restored the liquid 
phase is delivered to the evaporation portion of the con- 30 
tainer by the capillary pressure of the wicks. In this case, 
the wicks providing the liquid passage are arranged in 
the longitudinal direction of the container, and the effec- 
tive capillary radius between the extremely thin wires 
constructing the wicks Is so small as to establish a high 35 
pumping action. As a result, the working fluid is returned 
to the evaporation portion side even in a top heat mode. 
Moreover, no interference arises between the vapor flow 
and the liquid flow so that no splashing phenomenon 
occurs to improve the efficiency of the heat transmission. 40 

According to a process for manufacturing the heat 
pipe for the personal computer cooling device, the fixing 
member is axially inserted into a plastically defbrmable 
pipe material having a circular section, and wicks of 
extremely thin wires are then inserted into the spaces 45 
between the inner wall of the pipe material and the fixing 
member. After this, the pipe material and the fixing mem- 
ber are collapsed radially of the pipe member into a flat- 
tened hollow shape. Since, at this time, the pipe member 
is supported from its inner side by the wound radial elas- so 
ticity of the fixing member, the pipe member can be pre- 
vented from being longitudinally impressed at the 
widthwise center portions of its upper and lower faces. 

The above and further objects and novel features of 
the present invention will more fully appear from the fol- 55 
lowing detailed description when the same is read with 
reference to the accompanying drawings, ft is to be 
expressly understood, however, that the drawings are for 
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purpose of illustration only and are not intended as a def- 
inition of the limits of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram showing the exterior 
of a notebook (or sub-notebook) personal computer 
according to a first embodiment of the present inven- 
tion; 

Fig. 2 is a side elevation showing an assembled 
state of the personal computer body of the embodi- 
ment and parts to be assembled with the body; 
Fig. 3 is a partially cut-away top plan view showing 
an assembled state of first and second heat pipes 
of the embodiment; 

Fig. 4 is a partially cut-away perspective view show- 
ing a notebook (or sub-notebook) personal compu- 
ter according to a second embodiment of the present 
invention; 

Fig. 5 is a schematic perspective view showing an 
arranged state of major parts of the second embod- 
iment; 

Fig. 6 is a section taken along line VI - VI of Fig. 5 
and shows an assembled state of a pipe holder and 
a mounting base section; 

Fig. 7 is a schematic bottom view showing a note- 
book (or sub-notebook) personal computer accord- 
ing to a third embodiment of the present invention; 
Fig. 8 is a section showing an assembled state of a 
plate heat pipe and a personal computer body 
according to a third embodiment; 
Fig. 9 is a schematic perspective view showing a flat 
heat pipe disposed in the personal computer body 
according to the third embodiment; 
Fig. 10 is a section taken along line X - X of Fig. 9 
and shows the internal structure of a flat heat pipe 
according to a fourth embodiment of the present 
invention; 

Fig. 11 is a partially cut-away perspective view 
showing an arranged state of wicks and a spiral 
member in a container according to the fourth 
embodiment; 

Fig. 1 2 is a sectional perspective view showing the 
state of the fourth embodiment, in which a working 
fluid comes into the gaps of the spiral member; 
Fig. 13 is a section showing the state of the fourth 
embodiment, in which the working fluid comes into 
the gaps between a spiral member having an ellip- 
tical section and a container wall face; 
Fig. 14 is a section showing the state of the fourth 
embodiment, in which the working fluid comes into 
the gaps between the wall face of the spiral member 
and the container wall face; 
Fig. 15 is a section showing a step of a process for 
manufacturing the plate heat pipe of the fourth 
embodiment and shows the pipe in the state 
arranged with the spiral member and the wicks; 



JNSDOaD:<EP 0702287 A2 I > 



7 



EP 0 702 287 A2 



8 



Fig. 1 6 is a section showing an intermediate state in 
which the pipe is collapsed in the fourth embodi- 
ment; 

Fig. 17 is a section showing the state in which the 
pipe collapsing step is ended in the fourth embodi- s 
ment; 

Fig. 18 is a partially cut-away perspective view 
showing an internal structure of a plate heat pipe 
according to a fifth embodiment of the present inven- 
tion; 10 
Fig. 19 is a section showing an arranged state of 
wicks and wires in the container in accordance with 
the fifth embodiment; 

Fig. 20 is a section showing a step of a process for 
manufacturing the plate heat pipe according to the is 
fifth embodiment and shows the pipe of the state in 
which the wicks are arranged at the two sides of the 
wires; 

Fig. 21 is a section showing an intermediate state in 
which the pipe is collapsed in the fifth embodiment; 20 
Fig. 22 is a section showing the state in which the 
pipe collapsing step is ended in the fifth embodi- 
ment: 

Fig. 23 is a cut-away perspective view showing an 
internal structure of a plate heat pipe according to a 25 
sixtfcembodirnent of the present invention; 
Fig. 24 is a partially cut-away view showing the state 
in which wicks are arranged in a container in accord- 
ance with the sixth embodiment; 
Fig: 25 is a section showing a step of a process for 30 
manufacturing a plate heat pipe in accordance with 
the sixth embodiment; 

Fig. 26 is a section showing an intermediate state in 
which the pipe is collapsed in the sixth embodiment; 
Fig. 27 is a section showing the state in which the 35 
pipe collapsing step is ended in the sixth embodi- 
ment; 

Fig. 28 is a partially cut-away perspective view 
showing an internal structure of a plate heat pipe in 
accordance with a seventh embodiment of the 40 
present invention; 

Fig. 29 is a section showing an arranged state in 
which wicks and a mesh member are arranged in a 
container in accordance with the seventh embodi- 
ment; 45 
Fig. 30 is a section showing a step of a process for 
manufacturing the plate heat pipe in accordance 
with the seventh embodiment and shows the pipe in 
the state arranged with wicks at the two sides of the 
mesh member; 50 
Fig. 31 is a section showing an intermediate state in 
which the pipe and the mesh member are collapsed 
in the seventh embodiment; 
Fig. 32 is a section showing the state in which the 
pipe collapsing step is ended in the seventh embod- ss 
iment; 

, Fig. 33 is a schematic side elevation showing a cool- 
ing device of a personal computer of the prior art, as 



taken from the side of the personal computer body; 
and 

Fig. 34 is a schematic top plan view of the cooling 
device of the prior art, as taken from the top of the 
personal computer body. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

In a first embodiment of the present invention, a 
hinge for connecting a display and a personal computer 
body is constructed of heat pipes. Figs. 1 and 3 are sche- 
matic diagrams showing a notebook (or sub-notebook) 
personal computer according to the present invention. In 
these Figures, the personal computer body, as generally 
designated at 10, is a relatively thin, rectangular box 
made of a plastic panel, carbon fibers or a magnesium 
alloy and given a size of about A5 to A4 according to the 
JIS (i.e., Japanese Industrial Standard). 

The personal computer body 10 is equipped on its 
upper face with a keyboard section 1 1 and a display sec- 
tion 12. These keyboard section 1 1 and display section 
12 can be individually turned within predetermined 
ranges on hinges 1 3, which are disposed on the personal 
computer body 10, thereby to construct the so-called 
"openable sections." In other words, the keyboard sec- 
tion 11 and the display section 12 can be individually 
turned up from the personal computer body 10 or down 
from the raised positions to the personal computer body 
1 0. In these keyboard section 1 1 and display section 1 2, 
there are mounted electromagnetic insulating plates 14 
which are given sizes substantially equal to the respec- 
tively corresponding sections 1 1 and 12. These electro- 
magnetic insulating plates 14 are made of aluminum 
sheets for insulating the noises and are the standard 
equipments of the ordinary notebook personal computer. 

In the front space (as located at the side of the key- 
board section 1 1 in Fig. 2), as halved from the inside of 
the aforementioned personal computer body 10, there 
are housed a detachable hard disk drive 1 5, a floppy disk 
drive, a battery (although both are not shown) and so on. 
Here, the raising/falling actions (or opening/closing 
actions) of the keyboard section 1 1 from/to the personal 
computer body 10 are performed to replace or remove 
the hard disk drive 15, the battery and so on. 

On the other hand, the rear space of the personal 
computer body 1 0 is arranged on its bottom with one end 
portion of a first heat pipe 17 which is fitted in a plate 
aluminum block 16 and which is overlaid by a CPU 18. 
Incidentally, the aluminum block 16 is provided, if neces- 
sary, for improving the contact between the CPU 18 and 
the first heat pipe 17. Moreover, the CPU 18 is overlaid 
by a plurality of main boards 19 (or printed circuits). 

The first heat pipe 17 has its other end portions 
folded generally at a right angle with respect to the other 
end portion, as arranged at the side of the aluminum 
block 16, and is then extended. on the center axis of the 
hinge 1 3 at the side of the keyboard section 1 1 . Moreo- 
ver, the end portion of the first heat pipe 17 is rotatably 



5 



tNSDOCID: <EP 07 02287 A2_l_> 



9 



EP0 702 287 A2 



10 



fitted in a cylindrical one end portion of a second heat 
pipe 20. In other words, a joint portion 21 jointing the first 
heat pipe 1 7 and the second heat pipe 20 is arranged on 
the center axis of the hinge 13. To this joint portion 21, 
moreover, there is applied a suitable thermal joint for 
reducing the contacting resistance between the two heat 
pipes and for promoting the heat transfer inbetween. The 
other end portion of the second heat pipe 20 is arranged 
in close contact for the heat transfer, with the back (as 
located at the lower side in Fig. 1 ) of the electromagnetic 
insulating plate 14 which in turn is in close contact with 
the keyboard section 1 1 . Moreover, what is adopted as 
the container for either the first heat pipe 1 7 or the sec- 
ond heat pipe 20 is a small diameter pipe having a cir- 
cular section. Still moreover, those portions of the heat 
pipes, which are out of contact with other parts, may be 
covered with an insulating film, although not shown. 

Here, the heat pipe is prepared by confining a con- 
densable fluid such as water or alcohol as a working fluid 
in an evacuated state in a container such as a metal pipe 
having its two ends closed. The heat pipe acts, when a 
temperature difference arises, to transfer the heat as the 
latent heat of the working fluid such that the working fluid 
having evaporated at a higher-temperature portion flows 
to a lower-temperature portion to effect a heat radiation 
and a condensation. Moreover, the heat conductivity of 
the heat pipe is superior by several tens to hundreds to 
that of a metal such as copper or aluminum. Incidentally, 
wicks for promoting the reflux of the working fluid are dis- 
posed, if necessary, in the container. 

Here will be described the operations of the cooling 
device thus constructed. As the notebook personal com- 
puter according to the present invention is used, a heat 
is generated from.the CPU 18. This heat is transmitted 
through the aluminum block 16 to one end portion of the 
first heat pipe 1 7. At this time, the first heat pipe 1 7 has 
a temperature difference between its two end portions 
so that its actions are automatically started. Specifically, 
the working fluid confined in the container is evaporated 
by the heat from the CPU 18 so that the vapor flows to 
the other end portion in which both the temperature and 
the internal pressure are lower. This other end portion is 
enclosed by the one end portion of the second heat pipe 
20, as described before, so that the heat retained by the 
working fluid is taken by the second heat pipe 20. In this 
case, the thermal joint is applied to the joint portion 21 
so that the heat is efficiently transferred from the first heat 
pipe 1 7 to the second heat pipe 20. Incidentally, the work- 
ing fluid of the first heat pipe 17, which has transferred 
the heat and has been condensed, is returned to the 
evaporation side by the actions of its gravity and the 
wicks. 

On the other hand, the working fluid vapor in the sec- 
ond heat pipe 20 also flows to the lower-tempera- 
ture/pressure other end portion, i.e., to the end portion 
arranged in the electromagnetic insulating plate 14. In 
this end portion, the working fluid vapor has its heat taken 
so that it is condensed. Thus, the heat of the CPU 18, as 
disposed in the personal computer body 10, is trans- 



ferred through the first heat pipe 1 7 and the second heat 
pipe 20 to the electromagnetic insulating plate 14 which 
is disposed outside of the personal computer body 10. 
The heat thus transferred is radiated from the electro- 
5 magnetic insulating plate 14 to the outside. 

In this way, the existing electromagnetic insulating 
plate 1 4 is used as the heat radiation face of the second 
heat pipe 20 to offer advantages that the space for the 
cooling structure to require in the personal computer 
10 body 10 can be reduced and that the weight is not sub- 
stantially increased. Moreover, the electromagnetic insu- 
lating plate 14 is disposed outside of the personal 
computer body 1 0 and has its surface area larger by sev- 
eral times than the heat radiating area to be usually 
75 retained by the fins or the like in the cooling structure of 
the prior art. As a result, the circulation of the working 
fluid in the first heat pipe 17 and the second heat pipe 
20 is promoted, and the heat is reluctant to be confined 
in the personal computer body 10 so that the cooling 
20 capacity can be improved. In short, it is possible to pro- 
vide a compact notebook personal computer having an 
excellent cooling capacity. 

In the notebook personal computer according to the 
present invention, too, the keyboard section 1 1 is turned 
25 up from the personal computer body 10 when the hard 
disk drive 15, the battery or the like is to be attached to 
or detached from the personal computer body 1 0. In this 
case, the keyboard section 1 1 can be turned up without 
any trouble because the joint portion 21 between the first 
30 heat pipe 17 and the second heat pipe 20 is made coaxial 
with the center axis of the hinge 13 at the side of the 
keyboard section 11, as described before. Incidentally, 
in the present embodiment, the display section 12 with- 
out the second heat pipe 20 can naturally be freely 
35 turned up from and down to the personal computer body 
10. 

Incidentally, in case the electromagnetic insulating 
plate 14 is attached to a hinged member, the heat pipe 
mechanism may be constructed of a bendable heat pipe 
such as corrugated pipe in place of the paired heat pipes 
of the foregoing embodiment. 

Here will be described the construction of a second 
embodiment of the present invention with reference to 
Figs. 4 to 6. Incidentally, the present embodiment is con- 
structed to facilitate the attachment/detachment of the 
keyboard section 11 and the display section 12. The 
parts identical to those of the foregoing embodiment are 
designated at the common reference numerals, and their 
detailed description will be omitted. In Fig. 4, the per- 
sonal computer body 10 is a relatively thin, rectangular 
box having a size of about A5 to A4 according to the J IS. 

In the upper face of this personal computer body 1 0, 
there is fitted the keyboard section 1 1 . However, thi s key- 
board section 1 1 can be turned up from and down to the 
personal computer body 10 on a pivotal which is pre- 
pared on the personal computer body 1 0. To the back of 
the keyboard section 1 1 , that is, to the face of the internal 
space of the personal computer body 10. there is 
attached the electromagnetic insulating plate 1 4 by suit- 
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able means. This electromagnetic insulating plate 14 is 
made of an aluminum sheet, for example, as supported 
by a mounting base section 30. 

With the back of the electromagnetic insulating plate 
14, moreover, there is so closely contacted the CPU 18 
which is mounted on the upper face of the main board 
1 9 as to transfer the heat. In the remaining internal space 
of the personal computer body 10, there are further dis- 
posed a detachable hard disk drive, a floppy disk drive, 
a battery, an add-in memory (although all of them are not 
shown) and so on. 

The electromagnetic insulating plate 14 has its one 
side edge portion folded downward generally at a right 
angle in parallel with the wall of the personal computer 
body 10, as located at the righthand side of Fig. 5, to 
provide the aforementioned mounting base section 30. 
Incidentally, the personal computer body 10 is molded in 
advance to have its wall partially cutaway. Moreover, the 
mounting base section 30 for the electromagnetic insu- 
lating plate 14 is formed with a plurality of through holes 
which are arranged widthwise thereof at a predeter- 
mined interval. Especially to the inner side of the per- 
sonal computer body 1 0, there are welded metal nuts 60 
which are positioned to correspond to the individual posi- 
tions of the through holes. 

To^the face of the mounting base section 30, as 
directed to the outside of the personal computer body 
10, there is attached a pipe holder 22. This pipe holder 
22 isrmade of a generally rectangular plate aluminum 
block, for example, and is formed in its widthwise direc- 
tion with a generally circular clamping portion 22a profil- 
ing the-sectional shape of the container of a heat pipe 
50 and a conducting slit portion 22b leading downward 
from the clamping portion 22a. The heat pipe 50 has its 
intermediate portion 50a so fitted in the clamping portion 
22a that it can turn freely. Incidentally, the clamping por- 
tion 22a of the pipe holder 22, in which is slidably fitted 
the heat pipe 50, has its aluminum anodized to have a 
wetting property. Alternatively, a suitable pasty thermal 
joint 22c may be applied to the clamping portion 22a. 

Moreover, bolts 61 are inserted from the righthand 
face of Fig. 6 into the pipe holder 22 and driven into the 
nuts 60 to fasten the pipe holder 22 and the electromag- 
netic insulating plate 14 firmly while rotatably clamping 
the outer circumference of the straight portion of the heat 
pipe 50. Incidentally, this heat pipe 50 can be exemplified 
by a hard-chromium plated copper container having an 
external diameter of about 4 mm and confining pure 
water as the working fluid. 

The display section 12 is formed into a generally flat 
plate equipped with a screen 23 made of a liquid crystal 
panel on its one face and has its outer wall recessed 
along the edges of the screen 23. Moreover, the heat 
pipe 50 has its leading end portion (or upper end portion) 
fitted along the recesses and is fixed in the display sec- 
tion 12 by suitable means. In short, the heat pipe 50 and 
the display section 12 are united with each other such 
that the former is exposed to the outer face of the latter. 
Incidentally, the heat pipe 50 may be fitted directly along 



the inner wall of the display unit 12. Moreover, the end 
portions of the heat pipe 50, as located at the side of the 
pipe holder 22, are inserted through the two retainers 
which are disposed at the lower edges of the display sec- 
5 tion 12. 

As a result, the display section 12 can be turned 
down on the portions of the heat pipe 50 clamped by the 
pipe holder 22, to cover the keyboard section 11. Inci- 
dentally, the electromagnetic insulating plate 14 and the 

w pipe holder 22 are made of aluminum, and the bolts 61 
and the nuts 60 are made of a metal, as described above, 
so that the heat can be transferred between the pipe 
holder 22 and the CPU 18 and between the pipe holder 
22 and the heat pipe 50. 

15 Thus, the display section 12 of the notebook per- 
sonal computer thus constructed may be detached from 
the personal computer body 1 0, by loosening the individ- 
ual bolts 61 by means of a driver to extract them from the 
pipe holder 22. Specifically, the display section 12, the 

20 heat pipe 50 and the pipe holder 22 are made into the 
so-called "units" whereas the electromagnetic insulating 
plate 1 4 is united with the personal computer body 1 0 so 
that the display section 1 2 can be detached from the per- 
sonal computer body 10 by separating the pipe holder 

25 22 and the electromagnetic insulating plate 14. On the 
other hand, the display section 12 can naturally be 
attached to the personal computer body 10 if the bolts 
61 are individually driven into the corresponding nuts 60 
through the pipe holder 22. 

30 Here will be described the action for cooling the CPU 
18. This CPU 18 generates the heat, too, as the afore- 
mentioned notebook personal computer is used. In this 
case, the display section 12 is usually raised from the 
personal computer body 10. The heat from the CPU 18 

35 is transmitted to the electromagnetic insulating plate 14 
and further to the pipe holder 22 through the nuts 60 and 
the bolts 61 . The heat is further transmitted from the pipe 
holder 22 to the one end portion of the heat pipe 50. At 
this time, the heat pipe 50 has a temperature difference 

40 between its two end portions so that its actions are auto- 
matically started. 

Specifically, the working fluid in the liquid phase is 
heated and evaporated at the portion of the container 
inside,, as clamped by the pipe holder 22, so that the 

45 vapor flows to the end portion of the heat pipe 50, as 
arranged in the display section 12. Since the display sec- 
tion 12 is in its raised position, as described above, the 
heat pipe 50 operates in the bottom heat mode, in which 
its evaporation portion is located at the bottom with 

so respect to its condensation portion. The working fluid 
vapor has its heat taken by the atmosphere so that it is 
condensed at the end portion of the heat pipe 50, as 
arranged in the display section 12. 

This heat pipe end portion is arranged along the 

55 outer wall of the display section 1 2, as described above, 
most of the heat transferred by the heat pipe 50 is radi- 
ated as it is to the atmosphere, and the "remaining heat 
is transmitted to the outer wall of the display section 1 2. 
Moreover, the outer wall acting as the heat sink has a 



7 



INSDOCID: <EP 0702287A2_I_> 



f 



13 EP 0 702 287 A2 14 



relatively wide area and contacts directly with the atmos- 
phere. As a result, the heat is not confined in the display 
section 12 so that the CPU 18 can be efficiently cooled. 
Incidentally, the working fluid thus liquefied as a result of 
heat radiation is quickly returned by its gravity to the end 5 
portion of the heat pipe 50, as arranged at the side of the 
pipe holder 22, until it is warmed again by the heat which 
is transmitted to the CPU 1 8 through the electromagnetic 
insulating plate 14 and the pipe holder 22. 

Since the condensation portion of the heat pipe 50 10 
is thus exposed to the outside of the display section 12, 
the circulation of the working fluid is promoted, and in 
addition the transferred heat is reluctant to be confined 
in the display section 1 2. As a result, the CPU 1 8 can be 
efficiently cooled. Moreover, the existing electromag- 15 
netic insulating plate 14 has its portion worked into the 
base section 30 so that the cooling device can be made 
small and light. 

Moreover, the pipe holder 22 and the mounting base 
section 30 can be attached/detached by means of the 20 
bolts 61 and the nuts 60. Especially, the bolts 61 have 
their heads disposed outside of the personal computer 
body 10 so that the display section 12 can be easily 
attached to and detached from the personal computer 
body 1 0. As a result, the personal computer can have its 25 
functions graded up with ease. 

Incidentally, the second embodiment is constructed 
such that the electromagnetic insulating plate 14 and the 
mounting base section 30 are united with each other. 
However, the present invention should not be limited to 30 
that construction but may be exemplified such that the 
heat can be transferred between the pipe holder 22 and 
the CPU 18 when the personal computer is its ordinary 
use. Hence, the mounting base section 30 may be made 
separate from the electromagnetic insulating plate 14 35 
made of an aluminum block, or the pipe holder 22 may 
be attached directly to the case of the CPU 1 8. Moreover, 
the pipe holder 22 is removably attached to the personal 
computer body 1 0 in the second embodiment, but it may 
be fixed on the personal computer body 1 0 so that it may 40 
be attached to or detached from the display section 12. 
Still moreover, the heat pipe 50 itself provides the pivotal 
shaft, but the present invention should not be limited 
thereto. 

Here will be described a construction of a third 45 
embodiment of the present invention with reference to 
Figs. 7 and 8. In the embodiment disclosed herein, the 
heat pipe adopted is flattened into a plate shape having 
its condensation face exposed from the personal com- 
puter body 10. 50 

As shown in Fig. 7. the personal computer body 10 
is equipped on its upper face with the keyboard section 
(although not shown) and the display section 12. This 
display section 12 can be freely turned within a prede- 
termined range on the hinge 1 3 which is arranged on the 55 
personal computer body 10, thereby to construct the so- 
called "openable section." In these display section 12 
and keyboard section, there are individually mounted the 



electromagnetic insulating plates 14 which are given 
equal sizes. 

In the front half of the halved spaces of the personal 
computer body 10, there are mounted the detachable 
hard disk drive 15. the floppy disk drive and the battery 
(although both of which are not shown), and so on. In the 
bottom of the latter half space (as located at the side of 
the display section 12 in Fig. 7) at the back of the per- 
sonal computer body 10, on the other hand, there is 
mounted a plate heat pipe 51 through a fixing spring 31 . 
This plate heat pipe 51 is prepared by confining the work- 
ing fluid in a closed rectangular container having a hollow 
plate shape. In the shown embodiment, the plate heat 
pipe 51 is equipped in the substantially whole area of the 
inner wall of the container with wicks 32 for sucking the 
working fluid in liquid phase by the capillary pressure, so 
that it may be used in the top heat mode, as will be 
described hereinafter. 

As shown in Fig. 8, on the other hand, the CPU 18 
acting as the heat source is mounted by suitable means 
on the upper face of the container of the plate heat pipe 
51. In other words, this upper face provides an evapora- 
tion face 33 of the plate heat pipe 51 . On the other hand, 
the lower face of the container of the plate heat pipe 51 
is formed to have a corrugated section having its ridges 
exposed to the bottom face of the personal computer 
body 10. preferably coextensively to the outside of the 
personal computer body 10 from the opening which is 
formed partially in the bottom face of the personal com- 
puter body 1 0. In other words, the plate heat pipe 51 has 
its condensation face 34 forming a portion of the bottom 
face of the personal computer body 10. Moreover, a plu- 
rality of main boards 1 9 are arranged over the CPU 1 8. 

Here will be described the operations of the cooling 
device thus constructed. The CPU 1 8 generates the heat 
as the notebook personal computer is used. This heat is 
transmitted to the container of the plate heat pipe 51 
which is disposed below the CPU 18. At this time, too, a 
local temperature difference is established in the con- 
tainer of the plate heat pipe 51, and the action of this 
plate heat pipe 51 is automatically started. 

Specifically, the working fluid in liquid phase, as con- 
tacting with the inner wall of the evaporation face 33 of 
the plate heat pipe 51 , is evaporated by the heat from 
the CPU 1 8 so that the vapor flows to the condensation 
face 34 in which both the temperature and the internal 
pressure are lower. Since this evaporation face 34 is 
exposed to the outside from the personal computer body 
10 while being given a large surface area, as described 
above, the working fluid having flown to the side of the 
condensation face 34 is efficiently cooled down. Specif- 
ically, the heat of the CPU 1 8. as disposed in the personal 
computer body 10, is radiated to the outside of the per- 
sonal computer body 10 by the plate heat pipe 51 . Inci- 
dentally, the working fluid, as condensed after having 
radiated its heat, is sucked by the wicks 32 to the evap- 
oration face 33, where it is heated again. . 

Thus, the plate heat pipe 51 mounted in the personal 
computer body 1 0 has its condensation face 34 exposed 
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to the outside of the persona! computer body 1 0, so that 
the circulation of the working fluid is promoted while pre- 
venting the heat from being confined in the personal 
computer body 10. As a result, the cooling capacity is 
superior to that of the cooling structure of the prior art. 5 
Moreover, the fins of the prior art are eliminated, and the 
condensation face 34 is flush with the bottom of the per- 
sonal computer body 10, so that the structure for the 
cooling action can be reduced. In other words, it is pos- 
sible to provide a compact notebook personal computer 
which has an excellent cooling capacity. 

Here will be described an example in which the heat 
pipe for the personal computer cooling device of the 
present invention is flattened. Fig. 9 is a perspective view 
showing the exterior of a plate heat pipe 51 . This plate 
heat pipe 53 is exemplified by confining pure water as 
the working fluid in a hollow plate container 54 which is 
formed of a copper pipe having a thickness of about 0.4 
to 0.5 mm into a size having a width of about 3 to 30 mm 
and a height of about 2 to 4 mm. 

This plate heat pipe 53 is laid in the notebook per- 
sonal computer body 10 such that its end portion at a 
condensation portion 35 is arranged in a heat transfer- 
ring manner on the upper face of a metal chassis 36 
existing in the bottom of the personal computer body 10. 
On the tapper face of the other end portion (or an evap- 
oration portion 39) of the container 54, there is mounted 
in a heat transferring manner a micro processing unit 
(i.e., MRU) 26 which is a heat generating portion. This 
MPU 26:js placed in the personal computer body 10 at 
a higher Jevel than that of the aforementioned chassis 
36. Incidentally, another heat generating portion can be 
exemplified by the various metal connectors, the electro- 
magnetic insulating plate, the battery and the magne- 
sium case of the persona! computer body 10, which are 35 
mounted as the standard components in the notebook 
or sub-notebook personal computer. 

Here will be described an embodiment of the internal 
structure of the aforementioned container 54. In the con- 
struction of this fourth embodiment, as shown in Figs. 10 40 
and 1 1 , a spiral member 37 for fixing the wicks is dis- 
posed generally at the widthwise central portion in the 
container 54 and spirally arranged in the longitudinal 
direction of the container 54. This spiral member 37 is 
exemplified by winding a tape of phosphor bronze having 45 
a thickness of about 0.1 to 0.3 mm and a width of 0.5 to 
1.0 mm, spirally into a rectangular section having a 
height of about 1.0 to 3.0 mm and a width of two thirds 
of that of the container 54 and at an interval (or gap) 1 00 
of about 0.5 to 2.0 mm. Moreover, this spiral member 37 so 
is held, at the outer faces of its upper and lower portions, 
in direct contact with the inner wall of the container 54. 
Another example of this spiral member 37 is exemplified 
by winding a copper or aluminum tale having an elliptical 
section circularly to leave gaps only at its two longitudinal 55 
ends. 

The spaces, as left in the container 54 at the two 
sides of the spiral member 37, are filled up with a number 
of wicks 38 extending in the longitudinal direction thereof. 



These wicks 38 are exemplified by extremely thin copper 
wires having a diameter of 0.02 to 0.1 mm. The wicks 38 
can be made lighter if the copper wires are replaced by 
carbon fibers plated with copper. Moreover, these wicks 

38 are fixed in the container 54 while being pushed onto 
the sides of the inner wall of the container 54 by the right- 
hand and lefthand two sides of the spiral member 37. In 
this case, the spiral member 37 of phosphor bronze has 
a high elasticity in the wound radial direction so that the 
wicks 38 are fixed in position without getting loose. 

In short, it is sufficient that the wicks 38 are arranged 
in the longitudinal direction while being pushed onto the 
inner wall of the container 54. Thus, the wicks 38 may be 
inserted into only one side space of the spiral member 
37 in the container 54, for example. 

Here will be described the operations of the plate 
heat pipe 53 thus constructed, with reference to Figs. 1 2 
to 14. At first, the heat, which is generated in the MPU 
26 as the personal computer body 10 is used, is trans- 
mitted to the upper face of the container 54 of the plate 
heat pipe 53. Since the inner wall of the container 54 and 
the wicks 38 have already been wetted with a working 
fluid 40, the heat pipe action for the heat source of the 
MPU 26 is immediately started. 

Specifically, the vapor, as produced in the end por- 
tion of the plate heat pipe 53 at the side of the MPU 26, 
flows through the gaps 100 into the inside space of the 
spiral member 37 and further toward that end portion 
arranged on the chassis 36, which has a lower internal 
pressure. As a result, the inside of the spiral member 37 
provides the passage for the vapor. This working fluid 
vapor comes out of the gaps 100 at the other end of the 
spiral member 37, and its heat is taken by the wall face 
of the container 54 until it is condensed. In other words, 
the heat of the MPU 26 is transmitted from that end por- 
tion to the chassis 36. 

Of the plate heat pipe 53, therefore, the end portion 
arranged on the chassis 36 acts as the condensation 
portion 35, and the end portion arranged on the MPU 26 
acts as the evaporation portion 39. In this case, the evap- 
oration portion 39 is at a higher position than that of the 
condensation portion 35 so that the heat pipe takes the 
top heat mode. The working fluid 40 having restored the 
liquid phase is sucked up and delivered to the evapora- 
tion portion 39 by the wicks 38. Thus, the wicks 38 act 
as the liquid passage. The wicks 38 are made of a 
number of extremely thin wires so that the so-called 
"pumping force" is high, and the wicks 38 are arranged 
all over the length of the container 54 so that the reflux 
of the working fluid 40 to the upper evaporation portion 

39 is ensured. 

This reflux is supplied by the working fluid 40 which 
is delivered in the inner circumference of the container 
54 from the wicks 38 along the spiral member 37 by the 
capillary pressure to be established due to the menis- 
cuses between the spiral member 37 and the wall of the 
container 54 and between the edges.of the tape forming 
the gaps 1 00. In short, the working fluid 40 in liquid phase 
is smoothly supplied to the wide range of the evaporation 
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portion 39. As a result, the heat transfer cycle by the 
working fluid 40 is activated to cool the MPU 26 effi- 
ciently. 

Thus, the plate heat pipe 53 described above not 
only has its vapor passage and liquid passage separated 
and but also has an excellent reflux capacity of the work- 
ing fluid 40 by the wicks 38. As a result, the various 
demands such as the size, as required for the heat pipe 
to cool the portable personal computer, can be satisfied. 
At the same time, this heat pipe can exhibit an excellent 
heat transfer capacity in the operations in the top heat 
mode or in the inclined state. In addition, the capacity of 
the heat pipe for cooling the MPU 26 can be drastically 
improved over that of the ordinary plate heat pipe of the 
prior art Moreover, both the container 54 and the ele- 
ments inserted therein are given proper flexibilities so 
that they can be deformed according to the layout of the 
heat generating and radiating portions. 

Here will be described a process for manufacturing 
the container of the plate heat pipe 53 according to the 
fourth embodiment, as shown in Figs. 10 and 11. Inci- 
dentally, the components thus far described are desig- 
nated at the identical reference numerals, and their 
detailed description will be omitted. First of ail, a pipe 41 
having a circular section is prepared as the material for 
the container 54, as shown in Fig. 15. This pipe 41 is a 
copper pipe having a thickness of about 0.4 to 0.5 mm. 
Then, the spiral member 37, which has already been spi- 
rally wound into the rectangular shape, is longitudinally 
inserted into the pipe 41 . 

Next, the wicks 38 are inserted into the spaces 
between the spiral member 37 and the inner wall of the 
pipe 41 . At this time, the pipe 41 is not formed in advance 
into a flattened shape but is formed into a circular shape 
providing a relatively large aperture for the insertion. As 
a result, the wicks 38 made of extremely thin wires having 
a diameter of about 0.02 to 0. 1 mm can be inserted with- 
out any trouble even if they are numerous. Incidentally, 
the insertion order of the wicks 38 and the spiral member 
37 may be reversed, and these components are 
degreased and rinsed before used. 

Next, the pipe 41 having the wicks 38 inserted is sent 
to a collapsing step (as shown in Fig. 16). At this step, 
there can be adopted the method/means known in the 
prior art For example, the pipe 41 is laid with its lower 
side being fixed and is collapsed at its upper portion 
evenly in the longitudinal direction to such an extent that 
the spiral member 37 is slightly deformed. 

Then, the wicks 38 are gradually pushed by the two 
side faces of the spiral member 37 until they are fixed on 
the side walls of the container 54. At this step of collaps- 
ing the pipe 41 , moreover, the container 54 is supported 
at its inside by the spiral member 37 having a sufficient 
elasticity in its winding direction so that the pipe 41 is not 
longitudinally impressed at the widthwise centers of the 
upper and lower faces (or flat portions) of the pipe 41 , as 
shown in Fig. 17. Thus, the flattened hollow container 54 
can be easily prepared. 



The whole process is completed by sealing the two 
open ends of the collapsed flat pipe 41 by welding means 
or the like, although not shown, and by f Sling a predeter- 
mined amount of pure water as the working fluid 40 in 

5 an evacuated state. Incidentally, this step for preparing 
the heat pipe can adopt the method/means known in the 
prior art. Since a metal such as copper is used as the 
materials for the individual components, as described 
above, there is obtained an advantage that the shaping 

to treatment can be facilitated. 

Thus, according to the manufacture method thus far 
described, it is possible to efficiently prepare the plate 
heat pipe which is excellent in the heat transfer capacity 
for cooling the portable personal computer. 

15 In the aforementioned manufacture process, more- 
over, the spiral member 37 is spirally wound into the hol- 
low rectangular shape but may be modified into a spiral 
winding having a hollow circular shape (i.e. a cylindrical 
shape). 

20 In a construction of a fifth embodiment, as shown in 
Figs. 18 and 19, a number of wires 65 are so arranged 
as thin filaments generally at the widthwise center posi- 
tion in the container 54 that they extend in the longitudinal 
direction while contacting with the upper and lower faces 

25 of the inner wall of the container 54. These wires 65 are 
made of copper to have a diameter of 0.3 to 1 .0 mm, for 
example. On the other hand, the spaces in the container 
54 at the two sides of the wires 65 are filled up with the 
numerous wicks 38 which extend in the longitudinal 

30 direction. These wicks 38 are made of extremely thin 
copper wires having a diameter of about 0.05 to 0.2 mm. 
Incidentally, both these wicks 38 and the wires 65 as the 
thick filaments can be made of copper-plated carbon fib- 
ers in place of the copper wires. 

35 incidentally, it is sufficient that the wicks 38 are 
arranged longitudinally of the container without getting 
loose. Therefore, the wires 65 may be arranged at one 
side in the container 54 to have the remaining space filled 
up with the wicks 38. 

40 Here will be described the operations of the plate 
heat pipe 53 according to the fifth embodiment, as shown 
in Figs. 18 and 19. First of all, the heat is transmitted to 
the upper face of the container 54 of the plate heat pipe 
53 as it is generated in the MPU 26 in accordance with 

45 the use of the personal computer body 10. Since the 
inner walk of the container 54, the wicks 38 and the wires 
65 have already been wedded with the working fluid, the 
heat pipe action using the MPU 26 as the heat source is 
immediately started. 

so Specifically, the vapor is produced in the end portion 
of the plate heat pipe 53 at the side of the MPU 26 and 
flows into the clearances between the wires 65 having a 
larger effective capillary radius than that of the wicks 38 
and further to the other end portion arranged on the 

55 chassis 36, which has a lower internal pressure. This 
means that the vapor passage is formed in the grouped 
wires 65 (i.e., between the clearances of the wires 65). 
The vapor of the working fluid comes out of the clear- 
ances of the wires 65 at the other end until it is con- 
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densed while having its heat taken by the wall of the 
container 54. In short, the heat generated in the MPU 26 
is transmitted from that end portion to the chassis 36. 

Of the plate heat pipe 53, the end portion arranged 
on the chassis 36 provides the condensation portion 35, s 
and the end portion arranged on the MPU 26 provides 
the evaporation portion 39. In this case, the evaporation 
portion 39 is positioned at a higher level than that of the 
condensation portion 35 so that the heat pipe takes the 
top heat mode. On the other hand, the working fluid, 10 
which restores the liquid phase to wet the wall of the con- 
tainer 54 and the grouped wires 65, is sucked up and 
delivered to the evaporation portion 39 by the wicks 38. 

Thus, the wicks 38 act as the liquid passage. The 
wicks 38 are made of a number of extremely thin wires is 
so that the so-called "pumping force" is high, and the 
wicks 38 are arranged all over the length of the container 
54 so that the reflux of the working fluid to the upper evap- 
oration portion 39 is ensured. Moreover, the working fluid 
thus returned is evaporated in the inner bottom of the 20 
container 54 and in the grouped wicks 38 and flows to 
the grouped wires 65 thereby to repeat a cycle like the 
aforementioned one. As a result, the MPU 26 is effi- 
ciently cooled. 

Thus, the plate heat pipe 53 described above not 25 
only hasits vapor passage and liquid passage separated 
and but also has an excellent reflux capacity of the work- 
ing fluid by the wicks 38. As a result, the various demands 
such as the size, as required for the heat pipe to cool the 
portable ^personal computer, can be satisfied. At the 30 
sametime, this heat pipe can exhibit an excellent heat 
transfer capacity in the operations in the top heat mode 
or in the inclined state. In addition, the capacity of the 
heat pipe for cooling the MPU 26 can be drastically 
improved over that of the ordinary plate heat pipe of the 35 
prior art. Moreover, both the container 54 and the ele- 
ments inserted therein are given proper flexibilities so 
that they can be deformed according to the layout of the 
heat generating and radiating portions. 

Here will be described a process for manufacturing 40 
the container for the plate heat pipe 53 according to the 
fifth embodiment. The pipe 41 having a circular section 
is prepared as the material for the container 54. This pipe 
41 is a copper type having a thickness of about 0.4 to 
0.5 mm. Next, the numerous wires 65 are axially inserted 45 
into the pipe 41. Then, the wires 65 are so arranged in 
the widthwise center portion of the pipe 41 as to contact 
with the upper and lower faces of the pipe 41 , as shown 
in Fig. 20. 

Next, the wicks 38 are filled in the spaces between so 
the wires 65 and the inner wall of the pipe 41 . At this time, 
the pipe 41 is not flat but circular providing a relatively 
large aperture for the insertion. As a result, the extremely 
thin wicks 38 having a diameter of about 0.05 to 0.2 mm 
can be inserted without any trouble even if they are 55 
numerous. Incidentally, the insertion order of the wicks 
38 and the wires 65 may be reversed, andthese compo^ 
nents are degreased and rinsed before used. 



Next, the pipe 41 having the wicks 38 inserted is sent 
to a collapsing step (as shown in Fig. 21). At this step, 
there can be adopted the method/means known in the 
prior art. For example, the pipe 41 is laid with its lower 
side being fixed and is collapsed against the grouped 
wires 65 and wicks 38 at its upper portion evenly in the 
longitudinal direction. In other words, the collapsing step 
is effected in the direction perpendicular to the direction 
to bind the wicks 38. Then, the individual wicks 38 and 
the individual wires 65 are gradually widened in the 
widthwise direction of the container 54. Since the pipe 
41 is then supported from its inside by the wires 65, the 
pipe 41 is not impressed in the longitudinal direction at 
the widthwise centers of the upper and lower faces 
thereof, as shown in Fig. 22, so that the flattened hollow 
container 54 is prepared without fail. Moreover, the col- 
lapsing direction is the aforementioned one, in which the 
pipe 41 is not collapsed with the wires 65 and the wicks 
38 being stacked, so that the wicks 38 can be prevented 
from being bitten by or mixed with ..the wires 65. As a 
result, the vapor passage and the liquid passage can be 
defined without fail. 

The whole process is completed by sealing the two 
open ends of the collapsed flat pipe 41 by welding means 
or the like, although not shown, and by filling a predeter- 
mined amount of pure water as the working fluid in an 
evacuated state. Incidentally, this step for preparing the 
heat pipe can adopt the method/means known in the 
prior art. Since a metal such as copper is used as the 
materials for the individual components, as described 
above, there is obtained an advantage that the shaping 
treatment can be facilitated. 

Thus, according to the manufacture method thus far 
described, it is possible to efficiently prepare the plate 
heat pipe which is excellent in the heat transfer capacity 
for cooling the portable personal computer. 

In a construction according to a sixth embodiment 
of the present invention, as shown in Figs. 23 and 24, 
wicks 38A are arranged as bundles of extremely thin 
wires in the longitudinal direction in the container 54. 
Here are arranged three wick bundles 38A, one of which 
is arranged generally at the widthwise center of the con- 
tainer 54 whereas the remaining two are arranged in con- 
tact with the two sides of the container 54. Moreover, the 
individual wick bundles 38A are clamped and fixed 
between the upper and lower faces of the inner wall of 
the container 54. 

Each of these wick bundles 38A is composed of a 
number of extremely thin copper wires having a diameter 
of about 0.02 to 0.2 mm and bundled at a predetermined 
lengthwise interval by the same extremely thin copper 
wires. The wick bundles 38A can be made lighter if the 
copper wires are replaced by copper-plated carbon fib- 
ers. 

The aforementioned container 54 is formed in its 
inner wall with grooves 70 which are spirally extended in 
the longitudinal direction. Incidentally, these grooves 70 
may be formed exclusively at the two end portions of the 
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container 54. In either event, the grooves 70 individually 
intersect the wick bundles 38A. 

Here will be described the operations of the plate 
heat pipe 53 according to the sixth embodiment, as 
shown in Figs. 23 and 24. First of all, the heat is gener- s 
ated in the MPU 26, as the personal computer body 10 
is used. The heat is transmitted to the upper face of the 
container 54 of the plate heat pipe 53 so that the heat 
pipe actions are started. Specifically, the vapor is pro- 
duced in the end portion of the plate heat pipe 53 at the 10 
side of the MPU 26 and flows into the gaps between the 
individual wick bundles 38A and further to the end por- 
tion at the side of the chassis 36, which has a lower inter- 
nal pressure. Thus, the vapor passage is formed 
between the wick bundles 38A in the container 54. The 15 
vapor of the working fluid is condensed as its heat is 
taken by the wall of the container 54. 

Of the plate heat pipe 53, therefore, the end portion 
arranged on the chassis 36 acts as the condensation 
portion 35, and the end portion at a higher level at the 20 
side of the MPU 26 acts as the evaporation portion 39, 
so that the plate heat pipe 53 takes the top heat mode. 

On the other hand, the working fluid having restored 
the liquid phase is distributed in the inner circumference 
of the container 54 along the grooves 70. During this dis- 25 
tribution, the liquid comes into any of the wick bundles 
38A so that it is sucked and delivered to the evaporation 
portion 39 by the wick bundles 38A. Thus, these individ- 
ual wick bundles 38A act as the liquid passages. Since 
each wick bundle 38A is composed a number of 
extremely thin copper wires to increase the so-called 
"pumping force" and arranged in the longitudinal direc- 
tion of the container 54, the reflux of the working fluid to 
the upper evaporation portion 39 is ensured. 

This reflux is supplied by the working fluid which is 35 
delivered in the inner circumference of the container 54 
from the individual wick bundles 38A by the capillary 
pressure to be established in the grooves 70. In short, 
the working fluid in liquid phase thus returned does not 
stagnate in the individual wick bundles 38a and locally 40 
in the container 54 but is smoothly supplied to the wide 
range of the evaporation portion 39. As a result, the heat 
transfer cycle by the working fluid is activated to cool the 
MPU 26 efficiently. 

Thus, the plate heat pipe 53 descrtoed above not 45 
only has its vapor passage and liquid passage separated 
and but also has an excellent reflux capacity of the work- 
ing fluid by the wick bundles 38A. As a result, the various 
demands such as the size, as required for the heat pipe 
to cool the portable personal computer, can be satisfied, so 
At the same time, this heat pipe can exhibit an excellent 
heat transfer capacity in the operations in the top heat 
mode or in the inclined state. In addition, the capacity of 
the heat pipe for cooling the MPU 26 can be drastically 
improved over that of the ordinary plate heat pipe of the ss 
prior art Moreover, both the container 54 and the ele- 
ments inserted therein are given proper flexibilities so 
that they can be deformed according to the layout of the 
heat generating and radiating portions. 



Here will be described a process for manufacturing 
the container for the plate heat pipe 53 of the sixth 
embodiment with reference to Figs. 25 to 27. As the 
material for the container 54, there is prepared the pipe 
41 having a circular section, which is formed in its inner 
wall with the longitudinally extending spiral grooves 70. 
Alternatively, the pipe 41 may be formed with the grooves 
70 only in its two end portions. Incidentally, the method 
of forming the grooves 70 can adopt the well-known 
means such as the drawing treatment using a mandrel 
which is formed with a plurality of ridges on its outer cir- 
cumference. 

Next, the three wick bundles 38A prepared to have 
equal diameters are axially inserted into the pipe 41 . At 
this time, one wick bundle 38A is (aid on the bottom of 
the pipe 41 , and the remaining two wick bundles 38A are 
laid along and at the sides of the former wick bundle 38 A, 
as shown in Fig. 25. Here, the number of the wick bun- 
dles 38A is exemplified by three but should not be limited 
tort. 

Then, the pipe 41 having the wick bundles 38A 
inserted is sent to a collapsing step (as shown in Fig. 
26) . At this step, there can be adopted the 
method/means known in the prior art. Here, the pipe 41 
is laid with its lower side being fixed and is collapsed at 
its upper portion evenly in the longitudinal direction to 
such an extent that the individual wick bundles 38A are 
slightly deformed. Then, one wick bundle 38A is fixed 
generally at the width wise center of the container 54, and 
the remaining two are fixed in contact with the two side 
walls of the container 54. At this collapsing step, moreo- 
ver, the pipe 41 is internally supported at its widthwise 
center portion by the central wick bundle 38A so that the 
pipe 41 is not longitudinally impressed at the widthwise 
centers of the upper and lower faces of the pipe 41 , as 
shown in Fig. 27. As a result, the flattened hollow con- 
tainer 54 can be efficiently and reliably prepared. 

The whole process is completed by sealing the two 
open ends of the collapsed flat pipe 41 by welding means 
or the like, although not shown, and by filling a predeter- 
mined amount of pure water as the working fluid in an 
evacuated state. Incidentally, this step for preparing the 
heat pipe can adopt the method/means known in the 
prior art. Since a metal such as copper is used as the 
materials for the individual components, as described 
above, there is obtained an advantage that the shaping 
treatment can be facilitated. 

Thus, according to the manufacture method thus far 
described, it is possible to efficiently prepare the plate 
heat pipe 53 which is excell ent in the heat transfer capac- 
ity for cooling the portable personal computer. 

According to a construction of a seventh embodi- 
ment of the present invention, as shown in Figs. 28 and 
29, a mesh member 90 is arranged as a net structure 
generally at the widthwise center position in the con- 
tainer 54 and extended in the longitudinal direction of the 
container 54. The mesh member 90, as used herein, is 
exemplified by winding a stainless screen of about 100 
meshes into a flattened cylindrical shape directly along 
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the upper and lower faces of the inner wall of the con- 
tainer 54. 

The spaces in the container 54 at the two sides of 
the mesh member 90 are filled up with a number of wicks 
38 in the longitudinal direction. These wicks 38, as 5 
adopted here, are extremely thin copper wires having a 
diameter of about 0.02 to 0.1 mm. Moreover, the wicks 
38 can be made lighter if the copper wires are replaced 
by copper-plated carbon fibers. Moreover, the wicks 38 
are fixed on the side faces of the inner wall of the con- w 
tainer 54 while being pushed by the two side faces of the 
mesh member 90. In other words, the numerous wicks 
38 are fixed in position without getting loose by the radial 
elasticity of the mesh member 90. 

Incidentally, it is sufficient that the wicks 38 are is 
arranged in the longitudinal direction while being pushed 
and fixed on the inner wall of the container 54. Therefore, 
the mesh member 90 may be offset in the container 54 
to leave a space for arranging the wicks 38. 

Here will be described the operations of the plate 20 
heat pipe 53 according to the seventh embodiment. First 
of all, the heat is transmitted to the upper face of the con- 
tainer 54 of the plate heat pipe 53 as it is generated in 
the MPU 26 in accordance with the use of the personal 
computer body 10. Since the inner wall of the container 2s 
54, the wicks 38 and the mesh member 90 have already 
been wedded with the working fluid, the heat pipe action 
using the MPU 26 as the heat source is quickly started. 

Specifically, the vapor is produced in the end portion 
of the plate heat pipe 53 at the side of the MPU 26 and 30 
flows from the joints 90 of the mesh member 90 into the 
internal space of the mesh member 90 and further to the 
other end portion arranged on the chassis 36, which has 
a lower internal pressure. This means that the vapor pas- 
sage is formed in the mesh member 90. The vapor of the 35 
working fluid comes out of the joints 91 until it is con- 
densed while having its heat taken by the wall of the con- 
tainer 54. In short, the heat generated in the MPU 26 is 
transmitted from that end portion to the chassis 36. 

Of the plate heat pipe 53, the end portion arranged 40 
on the chassis 36 provides the condensation portion 35, 
and the end portion arranged on the MPU 26 provides 
the evaporation portion 39. In this case, the evaporation 
portion 39 is positioned at a higher level than that of the 
condensation portion 35 so that the heat pipe takes the 45 
top heat mode. The working fluid having restored the liq- 
uid phase is sucked up from the bottom of the container 
54 and delivered to the evaporation portion 39 by the 
wicks 38. Thus, the wicks 38 act as the liquid passage. 
The wicks 38 are made of a number of extremely thin 50 
wires so that the so-called "pumping force" is high, and 
the wicks 38 are arranged all over the length of the con- 
tainer 54 so that the reflux of the working fluid to the 
upper evaporation portion 39 is ensured. 

This reflux is supplied by the working fluid which is ss 
sucked up drcumferentially of the mesh member 90 from 
the wicks 38 and the bottom of the container 54 by the 
capillary pressure acting upon the joints 91 of the mesh 
member 90, until it is heated and evaporated. In other 



words, the working fluid in liquid phase is delivered in the 
inner circumference of the container 54 and smoothly 
distributed over the wide range of the evaporation portion 
39. As a result, the heat transfer cycle is activated to cool 
the MPU 26 efficiently. 

Thus, the plate heat pipe 53 described above not 
only has its vapor passage and liquid passage separated 
and but also has an excellent reflux capacity of the work- 
ing fluid by the wicks 38. As a result, the various demands 
such as the size, as required for the heat pipe to cool the 
portable personal computer, can be satisfied. At the 
same time, this heat pipe can exhibit an excellent heat 
transfer capacity in the operations in the top heat mode 
or in the inclined state. In addition, the capacity of the 
heat pipe for cooling the MPU 26 can be drastically 
improved over that of the ordinary plate heat pipe of the 
prior art. Moreover, both the container 54 and the ele- 
ments inserted therein are given proper flexibilities so 
that they can be deformed according to the layout of the 
heat generating and radiating portions. 

Here will be described a process for manufacturing 
the container for the plate heat pipe according to the sev- 
enth embodiment. First of all, the pipe 41 having a circu- 
lar section is prepared as the material for the container 
54, as shown in Fig. 30. This pipe 41 is a copper pipe 
having a thickness of about 0.4 to 0.5 mm. Next, the 
mesh member 90, as rolled into a cylindrical shape hav- 
ing an external diameter as large as one half of the pipe 
41, is axially inserted into the pipe 41. Incidentally, this 
mesh member 90 does not have its size and sectional 
shape limited any more if it is cylindrical, or may be sim- 
ply rolled to have its edge portions overlapped or fixed 
by suitable means. 

Moreover, the wicks 38 are inserted into the space 
between that mesh member 90 and the inner wall of the 
pipe 41 . At this time, the pipe 41 is not formed in advance 
into a flattened shape but is formed into a circular shape 
providing a relatively large aperture for the insertion. As 
a result, the wicks 38 made of extremely thin wires having 
a diameter of about 0.02 to 0.1 mm can be inserted with- 
out any trouble even if they are numerous. Incidentally, 
the insertion order of the wicks 38 and the mesh member 
90 may be reversed, and these components are 
degreased and rinsed before used. 

Next, the pipe 41 having the wicks 38 inserted is sent 
to a collapsing step (as shown in Fig. 31). At this step, 
there can be adopted the method/means known in the 
prior art. For example, the pipe 41 is laid with its lower 
side being fixed and is collapsed at its upper portion 
evenly in the longitudinal direction to such an extent that 
the mesh member 90 has its section deformed into an 
elliptical shape. 

Then, the wicks 38 are gradually pushed by the two 
side faces of the mesh member 90 until they are fixed on 
the side walls of the container 54. At this step of collaps- 
ing the pipe 41 , moreover, the container 54 is supported 
at its inside by the mesh member 90 having a sufficient 
elasticity in its radial direction so that the pipe 41 is not 
longitudinally impressed at the widthwise centers of the 
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upper and lower faces (or flat portions) of the pipe 41 , as 
shown in Fig. 32. Thus, the flattened hollow container 54 
can be easily prepared. 

The whole process is completed by sealing the two 
open ends of the collapsed flat pipe 41 by welding means 
or the like, although not shown, and by filling a predeter- 
mined amount of pure water as the working fluid in an 
evacuated state. Incidentally, this step for preparing the 
heat pipe can adopt the method/means known in the 
prior art. 

Thus, according to the manufacture method thus far 
described, it is possible to efficiently prepare the plate 
heat pipe 53 which is excellent in the heat transfer capac- 
ity for cooling the portable personal computer. 

A device for cooling a personal computer including: 
a body having a heat generating electronic element 
therein; and a keyboard section connected in an opena- 
ble manner to the personal computer body through a 
hinge. A first heat pipe, which has its one end portion 
connected to the electronic element in a heat transferring 
manner, and a second heat pipe, which has its one end 
portion arranged along an electromagnetic insulating 
plate mounted in the keyboard section, are connected 
through the hinge in a manner to rotate relative to each 
other and in a heat transferring manner. 

Claims 

1. A device for cooling a personal computer which 
includes a personal computer body having a heat 
generating electronic element therein; and an open- 
able section connected in an openable manner to 
said personal computer body through a hinge, com- 
prising: 

heat transmission means for transmitting a 
heat from said electronic element to said hinge; and 

a heat pipe having its one end portion con- 
nected in a heat transferring manner to said hinge 
and its other end portion arranged along said open- 
able section. 

2. A personal computer cooling device according to 
claim 1 , 

wherein said openable section includes a 
keyboard section. 

3. A personal computer cooling device according to 
claim 2, 

wherein said keyboard section has a metal 
plate on its inner face, 

and wherein said heat pipe is arranged along 
said metal plate. 

4. A personal computer cooling device according to 
claim 1 , 

wherein said heat transmission means 
includes a second heat pipe. 



5. A personal computer cooling device according to 
claim 4, 

wherein said first and second heat pipes are 
connected through said hinge in manners to turn rel- 
s ative to each other and to transfer the heat. 

6. A personal computer cooling device according to 
claim 4, 

wherein said hinge includes a joint portion 
10 having: 

one end portion of said second heat pipe 
arranged on the turning center axis of said openable 
section; and 

a cylindrical portion formed at one end por- 
ts tion of said first heat pipe and fitting one end portion 
of said second heat pipe rotatably therein. 

7. A personal computer cooling device according to 
claim 4, further comprising: 

20 a metal block having said electronic element 

fixed thereon and fitted on the end portion of said 
second heat pipe. 

8. A personal computer cooling device according to 
25 claim 6, further comprising: 

a metal block having said electronic element 
fixed thereon and fitted on the end portion of said 
second heat pipe. 

30 9. A personal computer cooling device according to 
claim 1, 

Owherein said operable section includes a 
display section having a ftat screen. 

35 10. A personal computer cooling device according to 
claim 9, 

wherein said heat pipe is arranged along the 
periphery of said screen. 

40 11. A personal computer cooling device according to 
claim 1 , further comprising: 

a metal plate contacting with said electronic 
element in a heat transferring manner, 

wherein said hinge includes a metal block 
45 fixed on said metal plate and holding a portion of 
said heat pipe in a turning manner on the turning 
center axis of said openable section. 

12. A personal computer cooling device according to 
so claim 1 1 , 

wherein said metal plate includes an electro- 
magnetic insulating plate. 

13. A personal computer cooling device according to 
55 claim 1 1 , further comprising: 

means for attaching said metal block detach- 
ably to said metal plate. 
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14. A personal computer cooling device according to 
claim 1 1 , further comprising: 

heat transmission means interposed 
between said metal block and said heat pipe. 

15. A personal computer cooling device according to 
claim 14, 

wherein said heat transmission means 
includes a pasty thermal joint. 



21. A personal computer cooling device according to 
claim 20, further comprising: 

wicks made of a number of extremely thin 
wires for establishing a capillary pressure; and 

a fixing member for fixing said wicks on the 
inner face of said container. * - - 



16. A personal computer cooling device according to 
claim 14, 

wherein said metal block includes: a hollow 
clamping portion formed on the turning center axis 
of said openable section; and a slit communicating is 
with said clamping portion, and 

wherein said heat pipe has its portion fitted 
in and clamped by said clamping portion. 

17. A personal computer cooling device according to 20 
claim 16, further comprising: 

fixing means extending through said metal 
block across said slit for fixing said metal block to 
said metal plate. 

25 

18. A personal computer cooling device according to 
claim 9, further comprising: 

. a metal plate contacting with said electronic 
element in a heat transferring manner, 

v wherein said hinge includes a metal block 30 
fixed on said metal plate and holding a portion of 
said L theat pipe in a turning manner on the turning 
center axis of said display section. 

1 9. A device for cooling a personal computer having a 35 
heat generating electronic element and a heat radi- 
ating portion in the body thereof, comprising: 

a heat pipe having its one end portion con- 
nected to said electronic element in a heat transfer- 
ring manner and its other end portion connected to 40 
said heat radiating portion in a heat transferring 
manner. 

20. A personal computer cooling device according to 
claim 19, 45 

wherein said heat pipe includes: 

a hollow flat container made of a metal and 

sized to have a width larger than the thickness and 

a length larger than the width; and 

a working fluid confined in said container. 50 



22. A personal computer cooling device according to 
claim 21 , 

wherein said extremely thin wires are made 
of copper wires. 

23. A personal computer cooling device according to 
claim 21, 

wherein said extremely thin wires are made 
of carbon fibers plated with copper. 

24. A personal computer cooling device according to 
claim 21, 

wherein said fixing member includes a spiral 
member spirally wound at an interval inbetween. 

25. A personal computer cooling device according to 
claim 24, 

wherein said spiral member is made of a 
band having a rectangular section. 

26. A personal computer cooling device according to 
claim 24, 

wherein said spiral member is made of a 
band having an elliptical section. 

27. A personal computer cooling device according to 
claim 21 , 

wherein said fixing member is arranged at the 
widthwise center portion of said container, and 

wherein said extremely thin wires are 
arranged at the two sides of. said fixing member. 

28. A personal computer cooling device according to 
daim21, 

wherein said fixing means includes a multi- 
plicity of wires thicker than said extremely thin wires 
and ar ranged in the longitudinal direction in said 
container. 

29. A persona! computer cooling device according to 
claim 28, 

wherein said wires are arranged at the width- 
wise center portion in said container, and 

wherein said extremely thin wires are 
arranged at the two sides of said wires. 

30. A personal computer cooling device according to 
claim 21, 

wherein said fixing member includes a flat- 
tened cylindrical mesh member. 



31. A personal computer cooling device according to 
claim 20, further comprising: 

a plurality of wick bundles formed by bundling 
55 a number of extremely thin wires and arranged in the 
longitudinal direction in said container. 

32. A personal computer cooling device according to 
daim31, 
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wherein said container has spiral grooves 
formed therein. 



wherein said fixing member include a multi- 
plicity of wires thicker than said extremely thin wires. 



33. A personal computer cooling device according to 
claim 31, 

wherein said wick bundles are arranged at a 
spacing from each other. 

34. A personal computer cooling device according to 
claim 19, 

wherein said heat radiating portion includes 
at least one of an electromagnetic insulating plate, 
a chassis, a battery and the personal computer 
body. 

35. A device for cooling a personal computer having a 
heat generating electronic element arranged in the 
body thereof, comprising: 

a plate heat pipe having its outer surface par- 
tially exposed to the bottom face of said personal 
computer body, 

wherein said electronic element is mounted 
on the upper face of said plate heat pipe. 



36. A personal computer cooling device according to 25 
claim 35, 

wherein said plate heat pipe has its outer face 
partially corrugated. 



37. A process for manufacturing such a container of a 
heat pipe to cool a personal computer, as contains 
wicks for establishing a capillary pressure, compris- 
ing: 

a first step of inserting said wicks in the axial 
direction into a pipe material having a plastically 
deformable circular section; and 

a second step of loading the pipe material, 
which has said wicks inserted thereinto, in two radial 
directions to collapse said pipe material into a flat 
shape. 
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41. A heat pipe container manufacturing process 
according to claim 38, 

wherein said fixing member includes a mesh 
member formed into a cylindrical shape. 

42. A heat pipe container manufacturing process 
according to claim 37, 

wherein said wicks are prepared by bundling 
a multiplicity of extremely thin wires, and 

wherein the load at said second step acts in 
the direction to clamp at least one of said wick bun- 
dles. 



30 



35 



40 



38. A heat pipe container manufacturing process 
according to claim 37, 

wherein a fixing member for fixing said wicks 
on the inner face of said container is inserted at said 45 
first step into said pipe material, and 

wherein the load at said second step acts in 
the direction to clamp said fixing member. 

39. A heat pipe container manufacturing process so 
according to claim 38, 

wherein said fixing member includes a spiral 
member made by winding a band spirally. 

40. A heat pipe container manufacturing process ss 
according to claim 38, 

wherein said widks are made of a multiplicity 
of extremely thin wires, and 
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(54) Personal computer cooling device and process for manufacturing container of heat pipe for 
the device 



(57) A device for cooling a personal computer 
including: a body having a heat generating electronic 
element therein; and a keyboard section connected in 
an openable manner to the personal computer body 
through a hinge. A first heat pipe, which has its one end 
portion connected to the electronic element in a heat 
transferring manner, and a second heat pipe, which has 
its one end portion arranged along an electromagnetic 
insulating plate mounted in the keyboard section, are 
connected through the hinge in a manner to rotate rela- 
tive to each other and in a heat transferring manner. 
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